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SUMMARY 


By  means  of  plated  construction,  yarns  and  fibers  can  be  combined 
in  various  ways  to  make  interesting  and  useful  knit  fabrics.  To 
obtain  needed  data  on  the  physical  properties  of  such  fabrics,  a  study 
of  20  plated  materials  was  undertaken  by  the  Bureau  of  Human  Nu- 
trition and  Home  Economics. 

The  materials  were  knit  in  various  combinations  of  cotton,  wool, 
viscose  rayon,  and  nylon  yarns,  10  with  32  courses  per  inch  and  10 
with  40  courses  per  inch.  For  each  fabric  determinations  were  made 
of  weight,  strength,  elongation,  resistance  to  abrasion,  elastic  recov- 
ery, creep,  creep  recovery,  and  dimensional  change  in  laundering. 
The  plated  fabrics  were  compared  with  plain  knit  fabrics  with  respect 
to  elastic  properties  and  dimensional  change  in  laundering. 

Plated  fabrics  were  found  to  have  quite  different  physical  proper- 
ties when  knit  with  two  yarns  of  different  fibers  than  when  knit  with 
two  yarns  of  the  same  fiber.  For  example,  the  plated  fabrics  made  of 
all- cotton,  all-wool,  or  all-rayon  were  much  weaker  and  less  resistant 
to  abrasion  than  plated  fabrics  of  all-nylon.  But  the  plated  fabrics 
knit  of  cotton,  wool,  or  rayon  combined  with  nylon  had  considerable 
strength  and  resistance  to  abrasion. 

Neither  the  elastic  recovery  nor  the  creep  recovery  of  the  knit  fabrics 
could  be  predicted  from  that  of  the  yarns  from  which  they  were  made. 
Whereas  the  wool  and  nylon  yarns  had  very  much  higher  elastic  re- 


1  Appreciation  is  expressed  to  Jane  F.  Gilliam,  William  D.  Graham,  and  Luella 
S.  Joiner  for  their  assistance  in  determinations  of  creep  and  dimensional  change. 
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covery  than  the  cotton  and  rayon  yarns,  the  wool  fabrics  had  the 
greatest  recovery  and  the  nylon  fabrics  the  least.  The  elastic  recovery 
of  the  plated  fabrics  knit  of  all-wool  was  90  percent  at  10  percent 
strain  in  the  crosswise  direction,  but  the  recovery  of  the  all-nylon 
fabric  was  only  60  percent,  which  was  considerably  less  than  that  of 
all-rayon  and  of  all-cotton. 

Elastic  recovery  was  affected  by  the  type  of  construction  and  by  the 
number  of  courses  per  inch  as  well  as  by  the  fiber  content.  The  plated 
fabrics  were  higher  in  this  property  than  the  plain  knit  fabrics.  The 
materials  knit  with  40  courses  per  inch  had  greater  recovery  than  those 
knit  with  32  courses  per  inch. 

Plated  fabrics  made  of  two  yarns  of  different  fibers  often  had  high 
elastic  recovery,  even  though  yarn  of  one  of  the  fibers  produced  fabrics 
of  low  recovery.  Wool,  for  instance,  combined  with  cotton,  viscose 
rayon,  or  nylon  produced  fabrics  of  high  elastic  recovery,  ranging 
from  80  to  91  percent  for  small  strains  in  the  crosswise  direction  for 
the  three  combinations.  These  values  for  recovery  are  considerably 
higher  than  those  for  plated  fabrics  of  all-cotton,  all-rayon,  or  all- 
nylon  fabrics.  The  knit  goods  containing  nylon  ranked  lowest  in  this 
property,  ranging  from  60  percent  for  the  all-nylon  material  to  80 
percent  for  the  nylon- wool  material. 

The  dimensional  change  caused  by  laundering  the  knit  fabrics 
varied  with  the  type  of  construction,  with  the  number  of  courses  per 
inch,  and  with  the  fiber  content.  The  plated  fabrics  usually  changed 
less  in  length  or  width  than  the  plain  knit ;  those  knit  with  40  courses 
per  inch  shrank  or  stretched  less  than  those  knit  with  32  courses  per 
inch.  The  knit  materials  containing  wool  changed  the  most  in  dimen- 
sions, and  those  containing  nylon  changed  the  least. 

The  plated  fabrics  were  superior  in  many  respects  to  plain  knit 
goods.  '  The  plated  knit  goods  stretched  less,  had  greater  elastic  re- 
covery, and  possessed  more  dimensional  stability  in  laundering  than 
the  plain  knit  materials  made  of  the  same  yarns.  The  plated  fabrics 
of  which  one  of  the  yarns  was  wool  exhibited  high  elastic  recovery; 
those  materials  of  which  one  of  the  yarns  was  nylon  possessed  con- 
siderable strength,  abrasion  resistance,  and  dimensional  stability. 

SCOPE  OF  STUDY 

Plated  knit  fabrics  afford  opportunities  for  interesting  and  useful 
combinations  of  fibers  and  of  yarns.  By  means  of  plated  construc- 
tion, yarn  of  one  kind  of  fiber  can  be  used  on  the  face  of  the  material 
and  yarn  of  the  same  or  different  composition  on  the  back.  This 
makes  possible  fabrics  that  vary  widely  in  appearance  and  other  char- 
acteristics. 

Since  little  definite  information  is  available  on  the  properties  of 
such  materials  and  how  they  are  affected  by  changes  in  fiber  content, 
the  Bureau  of  Human  Nutrition  and  Home  Economics  undertook  a 
study  of  the  physical  properties  of  20  plated  materials  knit  in  various 
combinations  of  cotton,  wool,  viscose  rayon,  and  nylon  yarns.  Com- 
parisons of  the  different  fabrics  with  respect  to  strength  elongation, 
weight,  resistance  to  abrasion,  elastic  recovery,  creep,  creep  recovery, 
and  dimensional  change  in  laundering  are  reported  in  this  publication. 
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MATERIALS 

The  plated  fabrics  were  knit  in  the  Bureau's  laboratory  on  a  42- 
gauge  machine,  from  four  commercial  yarns  (table  1)  in  10  combina- 
tions of  both  32  and  40  courses  per  inch.     The  yarns  used  were : 
36/1  medium  staple  combed  Peeler  mercerized  cotton 
1/52  wool 

150  denier  filament  viscose  rayon 
150  denier  filament  nylon. 
The  twist  of  the  cotton  yarn  was  17  turns  per  inch,  and  of  the  wool 
15  turns  per  inch.  The  rayon  and  nylon  yarns  as  purchased  had  little 
twist.  In  order  to  facilitate  knitting  they  were  first  processed  with 
a  waxed  treatment  and  given  a  twist  of  approximately  10  turns  per 
inch. 


Table  1  — 

Properties 

of  yarns 

Yarn  number  i 

Twist  2 

Breaking 
strength  3 

Breaking 
elongation  3 

Yarn 

Labeled 

"3 
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P, 
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H 

id 

o 

5 

r 

Pi 

r 

02 

-3 

T3.2 

1 

gq 

Mercerized  cotton_ 

Wool 

Viscose  rayon 

Nylon 

36/1  cotton.  __ 
1/52  worsted- _ 

150  denier 

150  denier 

Grex 

164.  0 
180.  6 
184.  5 
198.  2 

z 
z 

s 
s 

Num- 
ber 

17.  3 

15.3 

7.  6 

10.  6 

Num- 
ber 
2.0 
2.  2 
1.  1 
.4 

Grams 

237.  6 

97.7 

260.  8 

974.  6 

Grams 
24.  9 
17.0 
10.  6 
49.  8 

Per- 

4.  45 
13.  68 
16.97 
14.50 

Per- 
cent 
0.47 
4.  29 
1.  27 
.83 

1  Mean  of  10  determinations. 

2  Mean  and  standard  deviation  of  20  determinations. 

3  Mean  and  standard  deviation  of  70  determinations. 


For  each  fabric  two  yarns  were  used.  One  was  laid  so  that  it  ap- 
peared only  on  the  purled  side  of  the  material  while  the  other  was 
guided  to  the  knitted  side.  Fabrics  were  knit  in  the  following  com- 
binations of  yarns: 


appearing  on  knit  side 

Yarn  appearing  on  purled  side 

of  fabric 

of  fabric 

Cotton 

Cotton 

Wool 

Cotton 

Rayon 

Cotton 

Nylon 

Cotton 

Wool 

Wool 

Rayon 

Wool 

Nylon 

Wool 

Rayon 

Rayon 

Nylon 

Rayon 

Nylon 

Nylon 

Plain  fabrics  of  32  and  40  courses  per  inch,  were  also  knit  from 
the  same  four  yarns  in  order  to  compare  their  elastic  properties  and 
dimensional  stability  with  those  of  the  plated  materials. . 
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PREPARATION  OF  FABRICS 

The  fabrics  were  immersed  for  1  hour  in  an  organic  solvent  to  dis- 
solve the  natural  wax  as  well  as  that  applied  before  the  knitting,  and 
then  rinsed  in  distilled  water  at  100°  F.  They  were  then  laundered 
in  a  small  washing  machine  that  had  a  rotating  cylinder  12  inches 
high  and  9  inches  in  diameter.  They  were  washed  for  30  minutes 
at  100°  with  a  0.5  percent  solution  of  neutral  soap  in  distilled  water 
and  rinsed  in  distilled  water  of  the  same  temperature.  After  rinsing 
they  were  squeezed  by  hand  and  laid  out  smoothly,  without  stretching, 
on  a  flat  surface  and  allowed  to  dry.  Care  was  taken  not  to  distort  the 
fabric  before  testing  because  any  applied  stress  would  change  the 
elastic  properties. 

Before  any  physical  determinations  were  made,  the  fabrics  were 
allowed  to  come  to  equilibrium  with  an  atmosphere  having  a  relative 
humidity  of  65  percent  and  a  temperature  of  70°. 

METHODS  USED  IN  DETERMINING  YARN  AND  FABRIC 

PROPERTIES 

Weight,  Strength,  Elongation,  and  Resistance  to  Abrasion 

The  weight  per  square  yard  of  the  fabrics  was  obtained  by  weigh- 
ing 2-inch  squares,  cut  on  the  diagonal  with  a  steel  die,  on  a  torsion 
balance  calibrated  in  ounces  per  square  yard. 

For  yarns,  the  breaking  strength  and  elongation  were  determined 
by  using  the  Scott  incline  plane  serigraph  tester.  For  fabrics,  the 
bursting  strength  and  elongation  determinations  were  made  with  a 
Scott  ball-burst  attachment  on  the  regular  Scott  strength  tester. 

The  Taber  abraser  with  hosiery  attachment  (6)  2  Avas  used  in 
determining  the  resistance  of  the  fabric  to  abrasion.  Each  of  the 
abrading  wheels  exerted  a  pressure  of  500  gm.  against  the  specimen. 
Five  pieces  of  fabric,  each  7  inches  square,  were  used  for  these  determi- 
nations. Since  the  attachment  had  eight  sections,  each  sample  fur- 
nished eight  specimens,  making  a  total  of  40  determinations  for  every 
fabric.  The  number  of  cycles  was  noted  when  the  first  hole  appeared 
in  each  section. 


Elastic  Recovery  of  Yar 


ns 


Instantaneous  elastic  recovery  and  the  combined  instantaneous  and 
delayed  recovery  were  determined  for  the  four  knitting  yarns.  In- 
stantaneous elastic  recovery  was  calculated  from  hysteresis  loading 
curves.  These  curves  were  formed  by  the  incline  plane  machine  em- 
ployed in  determining  the  breaking  strength  and  elongation  of  the 
yarns.  A  gauge  length  of  20  inches  was  used  for  these  measurements 
instead  of  the  usual  10-inch  length. 

Five  cyclic  stress-strain  curves  were  made  for  each  specimen.  Be- 
fore a  test  was  started,  the  machine  was  set  for  a  definite  maximum 
load,  and  the  setting  was  not  changed  until  five  specimens  had  been 
examined. 


2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  26. 
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The  total  stretch,  and  recoverable  stretch  were  read  from  the  cyclic 
stress-strain  diagram,  and  the  elastic  recovery  was  calculated  as  the 
ratio  of  recoverable  stretch  to  total  stretch.  The  means  of  stretch 
and  elastic  recovery  at  the  same  maximum  load  for  the  fifth  cycle  of 
loading  were  obtained  for  the  five  specimens.  The  results  for  three 
or  more  maximum  loads  were  used  in  plotting  elastic  recovery-strain 
curves. 

Figure  1  shows  hysteresis  loops  of  stress-strain  curves  of  the  wool 
yarn  at  a  maximum  load  of  75  gm.  The  total  and  elastic  stretch  are 
indicated  for  the  fifth  cycle. 


100 


J*— total 

STRETCH    (  INCHES  ) 
Figure  1. — Cyclic  stress-strain  curves  of  wool  yarn  at  a  maximum  load  of  75  gm. 

In  determining  the  combined  instantaneous  and  delayed  recovery, 
the  yarn  was  securely  clamped  in  a  horizontal  position  with  the  end 
passing  over  a  frictionless  pulley.  With  an  initial  load  of  1  gm., 
a  gauge  length  of  20  inches  was  marked  off  from  the  clamped  end. 
Then  a  small  additional  load  was  applied  to  the  yarn.  After  10  sec- 
onds, the  elongation  of  the  20-inch  length  was  read  and  the  additional 
load  removed,  leaving  only  the  initial  1-gm.  load.  Fifteen  seconds 
later,  the  amount  of  stretch  was  noted. 

From  the  measurements  taken  under  different  loads,  the  total 
stretch,  recoverable  stretch,  and  elastic  recovery  were  calculated. 
This  procedure  was  repeated  with  various  loads,  using  three  specimens 
of  each  of  the  four  yarns.  The  loads  for  cotton  ranged  from  40  to 
120  gm. ;  for  wool,  5  to  60 ;  for  rayon,  50  to  150 ;  and  for  nylon,  50  to 
500  gm. 
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Elastic  Recovery  of  Fabrics 

Instantaneous  recovery  of  the  knit  fabrics  was  calculated  from 
hysteresis  stress-strain  curves  formed  by  the  incline  plane  machine 
used  in  determining  the  breaking  strength  and  the  instantaneous 
elastic  recovery  of  the  yarns.  The  procedure  was  similar  to  that  just 
described  for  the  yarns  and  has  been  previously  reported  in  detail 
(2,5). 

The  combined  instantaneous  and  delayed  recovery  of  the  fabrics  was 
determined  by  a  procedure  recently  developed  by  the  authors  (3). 
Figure  2  shows  the  apparatus  with  a  specimen  inserted  and  marked 
for  measuring  stretch  and  elastic  recovery.  For  the  crosswise  meas- 
urements, the  specimen  was  cut  12  by  8  inches  with  the  shorter  di- 
mension parallel  to  the  lengthwise  direction  of  the  knit  fabric;  for 
the  lengthwise  measurements,  the  fabric  was  cut  with  the  shorter  di- 
mension parallel  to  the  crosswise  direction  of  the  fabric.  Twelve 
pins  in  a  5-inch  length  held  the  specimen  in  place. 


1 

Figure   2. — Elasticity   apparatus   with   specimen   of  knit   fabric   inserted   and 
marked  for  measuring  stretch  and  elastic  recovery. 

Three  5-inch  lengths  were  marked  off  while  the  fabric  was  held 
taut  by  an  initial  load  of  50  gni.  The  initial  load  was  removed  and  a 
200-gm.  load  applied.  At  the  end  of  10  seconds,  the  three  marked 
lengths  were  measured.  Then  the  200-gm.  weight  was  replaced  by  the 
50-gm.  weight.  Fifteen  seconds  after  the  200-gm.  weight  was  re- 
moved, the  same  three  places  were  again  measured.     From  the  read- 
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ings  taken  under  different  loads,  the  total  stretch,  recoverable  stretch, 
and  elastic  recovery  were  calculated.  This  procedure  was  repeated 
with  loads  of  300,  400,  500,  650,  800,  1,000,  1,250,  1,750,  2,000  gm., 
using  three  specimens  of  each  fabric. 

Eesults  of  elastic  recovery  determined  from  three  specimens  varied 
somewhat  but  the  mean  recovery  for  three  specimens  varied  little  from 
the  mean  recovery  of  three  other  specimens.  Figure  3  shows  the  va- 
riation in  results  of  three  specimens  and  the  close  agreement  of  the 
means  of  two  separate  sets  of  means,  which  indicate  good  reproduci- 
bility. 
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Figure  3. — Combined  instantaneous  and  delayed  elastic  recovery,  crosswise,  for 
nylon-wool  plated  fabric  knit  with  32  courses  per  inch :  A,  determined  from 
the  mean  of  three  specimens  ;  B,  determined  by  two  groups  of  three  specimens 
each. 


Creep  and  Creep  Recovery  of  Yarns  and  Fabrics 

For  creep  and  creep  recovery  measurements  of  the  yarns,  a  20-inch 
gauge  length  was  marked  off  with  an  initial  load  of  1  gm.  An  addi- 
tional load  was  then  added  and  readings  were  made  of  the  creep  elon- 
gation at  the  end  of  1  minute  and  at  intervals  of  1,  2,  3,  5,  10,  and  20 
minutes  up  to  100  minutes.  An  additional  load  of  40  gm.  was  used 
for  the  cotton,  20  for  the  wool,  50  and  100  for  the  viscose  rayon,  and 
50,  100,  and  200  for  the  nylon. 

Recovery  measurements  were  made  after  the  creep  determinations 
were  taken.  This  was  done  in  the  stress-relaxation  experiments  by 
removing  the  load  and  taking  readings  of  the  length  with  only  the 
initial  load  of  1  gm. 

In  making  creep  and  creep  recovery  determinations  of  the  fabrics, 
specimens  similar  to  those  for  making  the  elastic  recovery  measure- 
ments were  used.  After  the  specimens  were  placed  on  the  pins  of  the 
elasticity  machine,  an  initial  load  of  50  gm.  was  applied,  and  a  5 -inch 
length  was  marked  off  on  the  sample.     The  initial  load  was  replaced 

884215— 50— -2 
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by  one  of  the  400  gm.,  and  readings  were  made  of  the  5-inch  length 
at  the  end  of  1  minute  and  at  various  intervals  for  100  minutes. 

After  the  creep  measurement  of  a  specimen  was  made,  the  400-gm. 
load  was  removed  and  the  fabric  was  allowed  to  relax  for  1  minute. 
The  50-gm.  load  was  then  applied  and  the  reading  was  taken  of  the 
marked  length.  Then  the  50-gm.  load  was  removed  and  applied  only 
at  the  regular  intervals  when  the  readings  were  taken.  Three  repli- 
cates of  each  fabric  were  used  for  the  creep  and  creep  recovery  meas- 
urements just  as  for  elastic  recovery. 

Dimensional  Change  or  Fabrics  in  Laundering 

Three  specimens,  12  by  12  inches,  of  each  of  the  20  plated  and  8 
plain  knit  fabrics  were  used  in  making  the  measurements  to  determine 
dimensional  changes  in  laundering.  Before  the  specimens  were  de- 
greased  or  laundered,  three  5-inch  lengths  were  marked  on  both  the 
lengthwise  and  crosswise  directions. 

For  marking  before  laundering  and  for  measuring  changes  in  di- 
mensions after  laundering,  the  fabric  was  placed  on  pins  of  the  ap- 
paratus used  in  evaluating  the  elastic  properties  of  knit  fabrics.  All 
measurements  were  made  with  a  load  of  50  gm.  in  both  directions. 
The  measuring  procedure  was  repeated  after  each  of  five  successive 
washings. 


RESULTS 
Weight,  Strength,  Elongation,  and  Resistance  to  Abrasion 

Analysis  of  the  data  shows  that  the  plated  fabrics  knit  with  10 
courses  per  inch  were  heavier,  stronger,  and  more  resistant  to  abrasion 
than  those  knit  with  32  courses  per  inch  (table  2) .  In  general,  the 
materials  knit  with  32  courses  per  inch  elongated  at  rupture  nearly  the 
same  amount  as  those  knit  with  40  courses  per  inch. 

When  dry,  the  wool-wool  material  had  by  far  the  lowest  bursting 
strength  and  the  nylon-nylon  fabric  much  the  highest  strength  in 
each  of  the  two  groups  of  plated  materials.  When  wet,  the  wool-wool 
plated  fabric  knit  with  32  courses  per  inch  was  the  weakest,  but  in 
fabrics  knit  with  40  courses  per  inch,  the  rayon-wool  material  had 
the  lowest  bursting  strength.  Of  the  fabrics  containing  cotton,  the 
wool-cotton  materials  were  the  weakest  and  the  nylon-cotton  the 
strongest,  irrespective  of  construction  or  the  amount  of  moisture. 
Likewise,  the  rayon-wool  was  the  weakest  and  the  nylon-rayon  the 
strongest  of  the  fabrics  containing  rayon.  When  dry,  the  nylon-wool 
fabrics  ranked  next  to  the  nylon-nylon  in  strength,  but  when  wet  the 
nylon-cottons  were  next  to  the  strongest  materials. 

In  abrasion  resistance  the  materials  knit  with  32  and  with  40  courses 
per  inch  differed  with  the  fiber  content.  In  both  groups  the  nylon- 
nylon  fabric  was  the  most  resistant.  The  fabrics  containing  nylon 
were  more  resistant  to  abrasion  than  the  other  combinations ;  the  wool- 
wool  fabric  ranked  next  to  the  nylon  mixtures ;  the  rayon-cotton  fabric 
was  the  least  resistant  to  abrasion. 
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Figure    4. — Instantaneous    and    combined    instantaneous    and    delayed    elastic 
recovery  of  yarns :  Cotton,  wool,  viscose  rayon,  nylon. 

Elastic  Recovery  of  Yarns 

Figure  4  shows  the  elastic  recovery  for  various  amounts  of  strain 
for  the  cotton,  wool,  viscose  rayon,  and  nylon  yarns.  The  nylon  had 
the  greatest  instantaneous  recovery  (100  to  67  percent)  and  cotton  the 
least  (100  to  33  percent).  The  nylon  and  wool  were  similar  in  com- 
bined instantaneous  and  delayed  recovery  and  had  greater  combined 
recovery  than  either  the  rayon  or  cotton.  The  rayon  had  greater 
combined  recovery  than  the  cotton. 

For  all  the  yarns  except  the  cotton,  instantaneous  recovery  and 
combined  instantaneous  and  delayed  recovery  differed  considerably. 
The  cotton  had  a  negligible  amount  of  delayed  recovery.  Even  though 
the  combined  recovery  of  the  wool  yarn  was  equal  to  that  of  the  nylon 
yarn  (83  percent)  for  4.5  percent  strain,  the  instantaneous  recovery  of 
nylon  (72.5  percent)  was  nearly  twice  as  great  as  the  instantaneous 
recovery  of  the  wool  yarn  (44  percent)  for  4.5  percent  strain. 

Elastic  Recovery  of  Fabrics 

For  the  knit  fabrics,  the  combined  instantaneous  and  delayed  re- 
covery was  considerably  more  than  the  instantaneous  recovery. 
Figure  5  shows  the  results  for  the  plain  knit  fabrics  of  32  courses  per 
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inch.  For  a  strain  of  70  percent  the  instantaneous  recovery  for  the 
cotton,  wool,  rayon,  and  nylon  fabrics  was  respectively  26,  48,  24,  and 
19  percent,  whereas  the  combined  instantaneous  and  delayed  recovery 
was  56,  80,  55,  and  59  percent,  respectively.  The  combined  instanta- 
neous and  delayed  recovery  of  the  cotton  and  rayon  plain  knit  fabrics 
decreased  considerably  with  an  increase  in  strain.  Even  though  the 
nylon  fabric  had  much  less  recovery  for  a  small  strain,  its  recovery 
did  not  decrease  with  strain ;  for  large  strains  it  was  somewhat  superior 
to  the  cotton  and  rayon  in  this  property.  Over  the  range  measured, 
instantaneous  recovery  of  the  wool  and  nylon  fabrics  did  not  decrease 
with  an  increase  of  strain.  The  cotton  and  rayon  materials  decreased 
in  instantaneous  recovery  with  an  increase  in  strain  and  for  large 
strains  had  the  least  recovery.  The  wool  was  superior  to  all  the  fabrics 
in  both  instantaneous  recovery  and  combined  instantaneous  and  de- 
layed recovery. 

Since  total  recovery  rather  than  merely  instantaneous  recovery,  de- 
termines the  usefulness  of  knit  fabrics  for  a  specific  purpose,  only 
the  combined  recovery  was  measured  for  all  plated  fabrics  and  for 
the  plain  knit  fabrics  of  40  courses  per  inch. 
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Figure  5. — Instantaneous  and  combined  instantaneous  and  delayed  elastic  re- 
covery, crosswise,  of  plain  knit  fabrics,  32  courses  per  inch :  Cotton,  wool, 
viscose  rayon,  nylon. 
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FABRICS  OF  SINGLE  FIBER  CONTENT 


Plated  and  plain  knit  fabrics  of  cotton,  wool,  viscose  rayon,  and 
nylon  fabrics  differed  in  elastic  recovery  with:  (1)  Fiber  content,  (2) 
number  of  courses  per  inch,  and  (3)  lengthwise  and  crosswise  direc- 
tions (figs.  6,  7). 
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Figure  6. — Total  elastic  recovery,  crosswise  and  lengthwise,  of  plated  fabrics 
knit  entirely  of  one  fiber,  32  and  40  courses  per  inch:  Cotton,  wool,  viscose 
rayon,  nylon. 
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Figure  7. — Total  elastic  recovery,  crosswise  and  lengthwise,  of  plain  knit  fabrics. 
32  and  40  courses  per  inch :   Cotton,  wool,  viscose  rayon,  nylon. 

Of  the  plain  knit  and  plated  fabrics  of  a  single  fiber  content,  those 
of  wool  had  considerably  more  recovery  than  the  others.  With  small 
amounts  of  strain,  the  nylon  fabrics  had  the  least  recovery.  The  vis- 
cose rayon  and  the  cotton  fabrics  decreased  in  recovery  with  increased 
strain ;  with  large  amounts  of  strain  all  except  the  plated  rayon  had 
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less  recovery  in  the  crosswise  direction  than  did  nylon.  In  general, 
the  plated  fabrics  had  greater  recovery  than  the  plain  knit  fabrics  in 
the  crosswise  direction. 

All  the  fabrics  stretched  less  in  length  than  in  width.  The  length- 
wise recovery  of  the  plated  fabrics,  with  the  exception  of  nylon,  was 
greater  than  that  of  plain  knit  fabrics.  For  the  plated  nylon,  length- 
wise recovery  was  only  40  percent,  considerably  less  than  that  of  the 
other  plated  fabrics. 

The  fabrics  knit  with  40  courses  per  inch  usually  had  greater  recov- 
ery than  those  knit  with  32  courses  per  inch.  However,  in  the  cross- 
wise direction,  the  plated  cotton  of  32  courses  per  inch  had  greater 
recovery  than  that  of  40  courses  per  inch. 

PLATED  FABRICS  OF  TWO  FIBERS 

Elastic  recovery  in  the  crosswise  direction  for  plated  fabrics  of  two 
fibers,  knit  with  32  and  40  courses  per  inch,  in  shown  in  figure  8. 

Fabrics  containing  cotton. — Of  the  plated  fabrics  containing  cot- 
ton, the  wool-cotton  and  rayon-cotton  combinations  showed  greater 
recovery  than  the  cotton-cotton  material.  The  nylon-cotton  reacted 
similarly  to  the  cotton-cotton  fabric. 

In  the  lengthwise  direction  the  range  in  recovery  of  the  rayon- 
cotton,  cotton-cotton,  and  nylon-cotton  was  from  75  to  65  percent. 
The  recovery  of  the  wool-cotton  of  40  courses  per  inch  was  85  percent 
and  the  wool-cotton  of  32  courses  per  inch  was  80  percent. 

Fabrics  containing  wool. — Elastic  recovery  in  the  crosswise  direc- 
tion of  the  plated  fabrics  containing  wool  ranged  from  80  percent  for 
the  nylon-wool  to  90  percent  for  the  wool-wool.  Combining  wool  with 
yarns  having  less  recovery  produced  fabrics  having  relatively  high 
recovery,  though  not  as  high  as  that  of  wool-wool.  The  materials 
knit  with  32  and  40  courses  per  inch  were  not  significantly  different  in 
recovery  in  width. 

In  length  the  wool-rayon,  wool-cotton,  and  wool-wool  ranged  in 
elastic  recovery  from  80  to  90  percent.  As  strain  increased  the  nylon- 
wools  of  32  and  40  courses  per  inch  increased  in  recovery  from  75  to  77 
and  from  77  to  80  percent,  respectively.  In  each  of  these  combina- 
tions, the  material  knit  with  40  courses  per  inch  had  greater  recovery 
than  those  of  32  courses  per  inch. 

Fabrics  containing  raton. — The  range  of  recovery  of  the  plated 
fabrics  containing  rayon  was  between  85  and  70  percent  in  the  width, 
which  was  the  range  for  the  rayon-rayon  from  small  to  large  strains. 
Combining  wool  with  the  rayon  produced  a  fabric  which  decreased 
little  in  recovery  with  strain.  The  rayon  combined  with  cotton  and 
with  nylon  produced  fabrics  having  greater  recovery  than  either 
cotton-cotton  or  nylon-nylon  (fig.  6) .  _  The  materials  knit  with  32 
and  40  courses  per  inch  were  not  significantly  different  in  recovery 
in  width. 

In  length,  the  elastic  recovery  of  all  the  fabrics  containing  rayon 
ranged  between  65  and  85  percent  except  nylon-rayon  of  32  courses 
per  inch  which  had  a  recovery  of  only  50  percent.  All  had  greater 
recovery  in  length  when  knit  with  40  courses  per  inch  than  when  knit 
with  32  courses. 
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Figure  8. — Total  elastic  recovery,  crosswise,  of  plated  fabrics  knit  with  two 
fibers,  32  and  40  courses  per  inch:  Cotton,  wool,  viscose  rayon,  and  nylon, 
each  in  combination  with  cotton,  wool,  viscose  rayon,  and  nylon. 
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Fabrics  containing  nyloN. — In  width,  the  range  in  elastic  recovery 
of  the  plated  fabrics  containing  nylon  was  between  60  and  84  percent. 
Combining  wool,  cotton,  or  rayon  with  nylon  produced  fabrics  with 
greater  recovery  than  that  of  the  nylon-nylon  material.  The  fabrics 
containing  the  nylon  yarn  decreased  less  in  recovery  with  strain  than 
the  cotton-cotton  or  rayon-rayon ;  the  nylon-wool  and  nylon -nylon  in- 
creased in  recovery  with  strain.  In  width  there  was  little  difference 
in  recovery  between  those  knit  with  32  and  40  courses  per  inch. 

The  recovery  in  length  of  the  fabrics  containing  nylon  ranged  be- 
tween 35  and  80  percent.  The  fabrics  knit  with  40  courses  per  inch 
exhibited  considerably  greater  recovery  than  those  of  32  courses  per 
inch. 

Creep  and  Creep  Recovery  of  Yarns  and  Fabrics 

Both  yarns  and  knit  fabrics  exhibited  the  slow  progressive  deforma- 
tion under  constant  load  known  as  creep.  Also,  all  showed  consider- 
able recovery  from  deformation  during  the  100-minute  interval  when 
stresses  were  removed. 

The  yarns  differed  considerably  in  performance,  particularly  the 
rayon  and  nylon  (fig.  9).  These  had  high  initial  elongations  (rayon, 
0.85  and  5.95  percent  with  stresses  of  50  and  100  gm. ;  nylon,  1.3,  3.1, 
and  6.15  percent  with  stresses  of  50,  100,  and  200  gm.) .  After  relaxa- 
tion of  the  stresses,  elongations  of  the  nylon  yarn  did  not  differ  greatly ; 
they  were  0.15,  0.2,  and  0.5  percent.  In  contrast,  the  rayon  yarns 
showed  considerable  difference  in  elongations  (0.45  and  5.35  percent) 
when  the  stresses  of  50  and  100  gm.  were  released. 

Elongation  of  the  cotton  yarn  after  the  relaxation  of  a  40-gm.  stress 
was  0.1  percent.  Wool,  which  had  an  initial  elongation  of  3.0  percent 
under  a  load  of  20  gm.,  had  an  elongation  of  0.75  percent  after  the  load 
was  released.  The  low  recovery  of  the  wool  yarn  may  have  been 
caused  partially  by  fiber  slippage. 

Of  all  the  knit  fabrics  of  single  fiber  content,  both  plated  and  plain 
knit,  the  cotton  elongated  the  most  and  rayon  the  least  in  the  creep 
experiments;  the  wool  recovered  the  most  in  the  stress-relaxation 
experiments  (fig.  10). 

At  the  end  of  the  100-minute  relaxation  interval  all  plain  knit  fabrics 
of  32  courses  per  inch,  except  the  wool,  were  greatly  elongated  (8  to  17 
percent).  The  cotton,  rayon,  and  nylon  of  40  courses  per  inch  were 
about  equally  elongated  but  to  a  much  lesser  extent  (2.5  to  3.5  percent) 
than  those  knit  with  32  courses. 

The  creep  recoveries  of  the  plated  fabrics  at  the  end  of  the  100- 
minute  relaxation  period  were  about  the  same  regardless  of  courses 
per  inch.  The  ranges  of  elongation  were  1  to  3  percent  for  materials 
of  32  courses  per  inch  and  0.5  to  2.5  percent  for  those  of  40  courses 
per  inch. 
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Figure  9. — Creep  and  creep  recovery  of  yarns :  Cotton,  wool,  viscose  rayon,  nylon. 
Creep  took  place  under  the  following  gram  loads:  40  (cotton)  ;  20  (wool)  ; 
50  and  100  (viscose  rayon)  ;  50, 100,  and  200  (nylon). 
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Figtjee  10. — Creep  and  creep  recovery  of  plated  fabrics  knit  entirely  of  one  fiber 
and  plain  knit  fabrics,  32  and  40  courses  per  inch :  Cotton,  wool,  viscose  rayon, 
nylon. 

Dimensional  Change  of  Fabrics  in  Laundering 

Eesults  of  the  study  of  dimensional  change  of  fabrics  in  laundering 
are  presented  in  figures  11  to  16. 


fabrics  of  single  fiber  content 

In  general,  the  plain  knit  fabrics  exhibited  greater  dimensional 
changes  in  the  five  launderings  than  did  the  plated  fabrics  of  single 
fiber  content  (figs.  11,  12).  The  viscose  rayon  material  was  an  excep- 
tion ;  the  plain  knit  rayon  shrank  less  than  the  plated.  All  the  fabrics 
knit  with  32  courses  per  inch  shrank  more  in  length  than  those  of  40 
courses ;  all  except  the  wool  stretched  in  width.  Many  of  the  fabrics 
of  40  courses  per  inch  shrank  in  width  but  none  stretched  excessively. 
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PLATED  FABRICS  OF  TWO  FIBERS 

The  plated  fabrics  of  the  10  combinations  of  wool,  cotton,  viscose 
rayon,  and  nylon  knit  with  32  courses  per  inch  changed  more  in 
length  and  width  than  those  knit  with  40  courses  per  inch  (figs. 
13  to  16).  These  results  are  in  line  with  those  reported  on  shrinkage 
of  wool  knit  fabrics  by  Dutton  who  stated  that  length  relaxation 
increases  and  width  relaxation  decreases  with  a  decrease  in  the  number 
of  courses  per  inch  (1). 

All  the  plated  fabrics  except  the  nylon-nylon  of  40  courses  per  inch 
shrank  in  length.  Many  knit  with  32  courses  per  inch  stretched  in 
width,  but  none  shrank  excessively  in  that  direction.  All  plated 
fabrics  knit  with  40  courses  per  inch  except  the  all-cotton,  all-wool,  and 
cotton  and  wool,  shrank  in  width. 

The  greatest  change  usually  took  place  in  the  first  laundering  and 
leveled  off  after  the  second  or  third  laundering.  However,  progres- 
sive shrinkage  in  length  was  quite  pronounced  throughout  the  five 
successive  launderings  in  all  the  plated  fabrics  containing  wool  knit 
with  32  courses  per  inch,  and  in  the  wool-wool  and  wool-cotton  fabrics 
knit  with  40  courses  per  inch. 

Of  the  10  combinations  knit  with  32  courses  per  inch,  the  plated 
fabrics  containing  wool  showed  the  greatest  dimensional  change  in 
laundering.  In  length  shrinkage  ranged  from  10  to  20  percent,  and 
in  width  the  change  ranged  from  7  percent  stretch  to  2  percent 
shrinkage.  The  group  of  materials  containing  nylon  changed  the 
least  both  in  length  and  in  width.  The  length  shrinkage  ranged  from 
5  to  10  percent,  and  in  width  the  changes  ranged  between  2.5  percent 
stretch  and  2  percent  shrinkage. 

Likewise,  the  group  of  plated  fabrics  containing  wool  knit  with  40 
courses  per  inch  had  the  greatest  dimensional  change  in  laundering 
and  the  group  containing  nylon  had  the  least.  The  length  shrinkage 
of  the  wool  materials  ranged  from  3  to  12  percent,  and  that  of  the 
nylon,  from  0  to  5  percent.  In  width  the  change  in  the  wool  ranged 
from  1.5  percent  stretch  to  6.5  percent  shrinkage:  the  change  in  width 
of  the  nylon  ranged  from  4  to  7  percent  shrinkage. 

The  data  on  lengthwise  shrinkage  show  that  the  plated  fabrics  knit 
with  32  courses  per  inch,  except  those  containing  nylon,  shrank  more 
in  length  than  did  certain  woven  fabrics  of  cotton,  wool,  and  viscose 
rayon  that  were  laundered  by  standard  test  procedures  in  the  Bu- 
reau's laboratory  in  a  previous  study  (4).  Most  of  the  woven  cottons 
and  rayons  shrank  less  than  8  percent  in  length,  whereas  most  of  the 
knit  fabrics  in  the  cotton  and  rayon  groups  shrank  more  than  8  per- 
cent (figs.  13,  14).  In  a  group  of  five  woven  wool  materials  four 
shrank  approximately  15  percent,  which  is  not  as  high  as  the  shrink- 
age of  three  of  the  fabrics  in  the  knit  wool  group  (fig.  14).  On  the 
other  hand,  6  out  of  the  10  combinations  of  plated  fabrics  knit  with 
40  courses  per  inch  shrank  8  percent  or  less,  and  none  shrank  more  than 
12  percent  (fig.  15). 
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Figure  11. — Dimensional  change  in  five  laundering  of  plated  fabrics  knit  entirely 
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Figure  13. — Dimensional  change  in  five  launderings  of  plated  fabrics  knit  of  two 
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Figure  16. — Dimensional  change  in  five  launderings  of  plated  fabrics  knit  of  two 
fibers,  40  courses  per  inch :  Viscose  rayon  and  nylon,  each  in  combination  with 
cotton,  wool,  viscose  rayon,  and  nylon. 
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Change  in  Area  in  Laundering 

The  plated  fabrics  of  all-cotton,  all-wool,  and  all-nylon  decreased 
less  in  area  in  laundering  than  the  plain  knit  materials,  but  the  viscose 
rayon  decreased  more  (fig.  17) .  Of  the  plated  wool  and  nylon  fabrics, 
those  knit  with  40  courses  decreased  less  than  those  of  32  courses, 
whereas  the  cotton  and  viscose  rayon  fabrics  of  40  courses  decreased 
more  than  those  of  32  courses. 

The  wool  fabrics  in  both  groups  decreased  progressively  in  area 
with  all  five  launderings.  The  others  showed  no  further  decrease 
after  the  second  and  third  washings. 

All  knit  fabrics,  both  plated  and  plain,  decreased  in  area  in  launder- 
ing, except  the  plain  knit  rayon  of  32  courses  per  inch  (fig.  17) .  Most 
of  the  plated  fabrics  of  the  10  combinations  of  cotton,  wool,  viscose 
rayon,  and  nylon  knit  of  32  and  40  courses  per  inch  exhibited  de- 
creases in  area  in  laundering  ranging  from  5  to  12  percent  (figs.  18, 19) . 
Only  the  wool  combinations  and  the  rayon-rayon  fabric  knit  with  40 
courses  per  inch  decreased  more  than  12  percent.  The  wool  combi- 
nations of  32  courses  per  inch  decreased  considerably  more  in  area 
than  those  of  40  courses  per  inch  (fig.  18) .  In  the  other  three  groups 
the  majority  of  the  fabrics  knit  with  32  courses  per  inch  differed 
little  from  those  of  40  courses. 
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Figure  17. — Change  in  area  in  five  launderings  of  plated  fabrics  knit  entirely  of 
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Figure  18. — Change  in  area  in  five  launderings  of  plated  fabrics  knit  of  two 
fibers,  32  and  40  courses  per  inch:  Cotton  and  wool,  each  in  combination 
with  cotton,  wool,  viscose  rayon,  and  nylon. 
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Figure  19. — Change  in  area  in  five  launderings  of  plated  fabrics  knit  of  two 
fibers,  32  and  40  courses  per  incb :  Viscose  rayon  and  nylon,  each  in  combina- 
tion with  cotton,  wool,  viscose  rayon,  and  nylon. 
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